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METHODS AND DEVICE FOR SENSING A
PERSON’S PULSE IN TRADITIONAL
CHINESE MEDICINE

COPYRIGHT NOTICE

A portion of the disclosure of this patent document
contains material, which 1s subject to copyright protection.
The copyright owner has no objection to the facsimile
reproduction by anyone of the patent document or the patent
disclosure, as 1t appears 1n the Patent and Trademark Oflice
patent file or records, but otherwise reserves all copyright
rights whatsoever.

FIELD OF THE INVENTION

The present invention relates generally to machine-based
sensing of a person’s pulse 1n the practice of traditional
Chinese medicine. In particular, the present invention relates
to such machine-based sensing by a mechanical configura-
tion having at least an advantage of diminishing a distur-
bance 1n an actuating force during the sensing of the
person’s pulse.

BACKGROUND

In traditional Chinese medicine (IT'CM), a Chinese medi-
cine practitioner (CMP) performs pulse palpation by manu-
ally sensing, at three levels: a superficial level, a middle
level and a deep level, a person’s pulse at a number of
different locations on the radial artery around the wrist of the
person. By sensing and analyzing the signal of the pulse, the
CMP performs medical diagnosis on the person, 1.e. the
patient, according to medical principles of the TCM.

In recent years, 1t 1s possible to perform pulse sensing by
a device. Machine-based sensing of a person’s pulse pro-
vides certain advantages over pulse sensing by CMPs. These
advantages include etliciency and repeatability. In addition,
a signal processor can be used to process the signal sensed
by the pulse-sensing device, thereby enabling implementa-
tion of an automatic medical-diagnosis system.

In a pulse-sensing device, an actuator 1s usually used to

move and position a pulse-sensing sensor onto a person’s
wrist. Typically, as 1n disclosures of CN101049247,

TW20113233 and TW200727865, the actuator 1s of a linear-
translation type so that an actuating force 1s directly applied
to the sensor for making a linear movement. When the
sensor 1s pressed onto the wrist, a certain level of the
actuating force 1s still maintained in order to secure the
sensor onto the wrist for pulse sensing. In general, the
actuator generates the actuating force that 1s subject to
random noisy fluctuation. This noisy fluctuation 1s directly
superimposed onto the sensor, which 1s usually a pressure
sensor for pulse sensing, so that the sensed signal of the
person’s pulse 1s significantly corrupted by the noisy fluc-
tuation of the actuating force. Although one can consider-
ably reduce this noisy fluctuation by using a hydraulic
actuator (which can be configured to achieve a high degree
of stability 1n the generated actuating force), the hydraulic
actuator 1s bulky, diflicult for maintenance, and expensive.
Advantageously, 1t 1s desirable to have a light-weight, low-
cost pulse-sensing device.

There 1s a need 1n the art for a pulse-sensing device that
a sensed signal of the pulse 1s not significantly impacted by
a noisy disturbance of an actuating force without a need to
employ a highly-stable actuator.
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2
SUMMARY OF THE INVENTION

In a first aspect of the present invention, a pulse-sensing
device having at least an advantage of diminishing a resul-
tant disturbance resulted from a disturbance 1n an actuating
force during sensing a person’s pulse 1s provided.

The pulse-sensing device comprises one or more human-
oid fingers, at least one of which 1s a robotic finger. The
robotic finger comprises a humanoid-finger structure having
a finger-tip end and a posterior end. The posterior end 1s
pivotally mounted to a fulcrum on the pulse-sensing device
so that the structure 1s rotatable about the fulcrum. The
finger-tip end has a sensing area configured for sensing a
signal of a person’s pulse when the person’s wrist 1S 1n
contact to the sensing area. The robotic finger further
comprises an actuating-force transferring member for trans-
ferring an actuating force to the humanoid-finger structure
such that the actuating force 1s applied to an actuation point
located on the structure, and 1s directed to the structure along
an actuation direction. In particular, the robotic finger is
configured such that, when the person’s wrist 1s 1n contact to
the sensing area for sensing the signal of the person’s pulse,
a first perpendicular distance from the fulcrum to a first line
1s substantially longer than a second perpendicular distance
from the fulcrum to a second line, where the first line 1s a
straight line passing through a sensing point of the sensing,
arca and being substantially perpendicular to the sensing
area, and the second line 1s a straight line passing through the
actuation point and orienting along the actuation direction.

The humanoid-finger structure comprises a first sensor on
the sensing area for acquiring and measuring the signal of
the person’s pulse. The first sensor may be a pulse-sensing
sensor array for detecting the signal of the person’s pulse at
a plurality of locations over the sensing areca, where the
pulse-sensing sensor array has pre-determined curvature for
mimicking a human finger tip, and 1s configured to provide
a hardness level close to human-skin stiflness. The pulse-
sensing sensor array may be of a capacitive type.

Preferably, the robotic finger further comprises a second
sensor for measuring a resultant force experienced at the
actuation point. When the person’s wrist 1s 1n contact to the
sensing area, a reaction force generated by the person’s wrist
mechanical property and the blood pressure pulse at the
sensing area 1s amplified by the humanoid-finger structure
and then captured by the second sensor.

The robotic finger may be configured such that a pressing
force produced by the humanoid-finger structure on the
person’s wrist when the person’s wrist 1s 1n contact to the
sensing area 1s controllable. A desired value of the pressing
force for application to the person’s wrist 1s determined
according to a pulse-sensing stage selected from Fu, Zhong
and Chen 1n the doctrines of TCM. In addition, a pneumatic
actuator may be used 1n the pulse-sensing device for gen-
erating the actuating force to be received by the actuating-
force transferring member, and the pressing force 1s con-
trollable to achieve the desired value by directing the
pneumatic actuator to produce the actuating force according
to a continuous pressure regulating principle.

It 1s preferable that the humanoid-finger structure com-
prises multiple sections sequentially arranged and end-to-
end pivotally-jointed, configuring the humanoid-finger
structure to be foldable.

Additionally, the robotic finger may further comprise a
restoring element for exerting about the fulcrum a retreating,
torque that opposes an advancing torque resulted from the
actuating force. It allows the actuation direction of the
actuating force to remain unidirectional when switching the
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humanoid-finger structure from an engaged position of
making the sensing area contact the person’s wrist to a
disengaged position of detaching the sensing area away from
the person’s wrist, and vice versa. The restoring element
may be a spring having one end fixed to the humanoid-finger
structure.

The pulse-sensing device may use a pneumatic actuator
for generating the actuating force to be recerved by the
actuating-force transferring member. The device may further
include an optical locating device for locating the person’s
wrist so as to guide the humanoid-finger structure to accu-
rately position the sensing area on the person’s wrist.

The finger-tip end may include a finger tip on which the
sensing area 1s located, wherein the finger tip 1s detachable.
Optionally, the one or more humanoid fingers are individu-
ally controllable. An inter-finger distance between any adja-
cent two of the one or more humanoid fingers may be
adjustable.

In the pulse-sensing device, 1t 1s preferable that each of
the one or more humanoid fingers 1s configured as the
robotic {inger.

A second aspect of the present mnvention 1s to provide a
first method for sensing a signal of a person’s pulse by a
humanoid-finger structure. The humanoid-finger structure
has a finger-tip end and a posterior end, the posterior end
being pivotally mounted to a fulcrum, the finger-tip end
having a sensing area configured to sense the signal.

The first method comprises applying an actuating force,
directed along an actuation direction, to the humanoid-finger
structure at an actuation point located on the structure in
order to position the humanoid-finger structure such that the
sensing area 1s 1n contact to the person’s wrist. The actuation
point and the actuation direction are selected such that, when
the person’s wrist 1s 1n contact to the sensing area for sensing,
the signal of the person’s pulse, a first perpendicular distance
from the fulcrum to a first line 1s substantially longer than a
second perpendicular distance from the fulcrum to a second
line, where: the second line 1s a straight line passing through
the actuation point and orienting along the actuation direc-
tion; and the first line 1s a straight line passing through a
sensing point of the sensing area and being substantially
perpendicular to the sensing area. It follows that an unde-
sired disturbance caused by a disturbance in the actuating
force to the signal sensed at the sensing area 1s substantially
diminished, and that a signal experienced at the actuation
point 1s amplified.

Preferably, the first method further comprises acquiring

and measuring the signal of the person’s pulse by a first
sensor on the sensing area, and measuring a resultant force
experienced at the actuation point by a second sensor so that
a reaction force generated by the person’s wrist mechanical
property and the blood pressure pulse at the sensing area 1s
amplified by the humanoid-finger structure and then cap-
tured by the second sensor.

The first method may further include sensing the signal of
the person’s pulse by combining a first set of measurement
data obtained from the first sensor and a second set of
measurement data obtained from the second sensor. Alter-
natively, after the signal i1s sensed, the signal may be
analyzed according to the first and the second sets of
measurement data.

In a third aspect of the present invention, a second method
for sensing a signal of a person’s pulse 1s provided.

The second method comprises sensing the signal by a
mechanical structure having a sensing area, a first sensor on
the sensing area for acquiring and measuring the signal
when the person’s wrist 1s 1n contact to the sensing area, and
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a second sensor for measuring a resultant force experienced
at an actuation point of the mechanical structure. In the
second method, an actuating force 1s applied at the actuation
point for positioning the sensing area to contact the person’s
wrist. Furthermore, the mechanical structure 1s configured
by a mechanical configuration such that the following two
desired results are obtained. First, a disturbance 1n the
actuating force 1s scaled down by a first factor at the sensing
area so as to cause a diminished, undesired disturbance to
the signal acquired and measured by the first sensor, where
the first factor 1s greater than unity and 1s determinable by
the mechanical configuration. Second, a reaction force gen-
crated by the person’s pulse at the sensing area 1s scaled up
by a second factor substantially similar to the first factor
when producing the resultant force experienced at the actua-
tion point.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a pulse-sensing device 1n accordance with an
embodiment of the present invention.

FIG. 2 1illustrates how the pulse-sensing device performs
pulse sensing on a person’s wrist.

FIG. 3 depicts a robotic finger of the pulse-sensing device
in accordance with an exemplary embodiment of the present
invention.

FIG. 4 depicts, 1n accordance with an embodiment of the
present invention, the robotic finger 1n: (a) an engaged
position configured for positioning the robotic finger to
contact a person’s wrist; and (b) a disengaged position.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

A first aspect of the present mvention 1s to provide a
pulse-sensing device having at least an advantage of dimin-
ishing a resultant disturbance caused by a disturbance 1n an
actuating force to a signal of the person’s pulse.

In the practice of TCM, a CMP puts his or her fingers on
a person’s wrist to sense the person’s pulse. In an analogous
way, a pulse-sensing device may be configured with a
number of “mechanical fingers” for pulse sensing. Advan-
tageously, each of the mechanical fingers may employ a
humanoid-finger structure i order to mimic the CMP’s
finger 1n pulse sensing.

A pulse-sensing device as disclosed herein in the present
invention comprises one or more humanoid fingers. FIG. 1
depicts a pulse-sensing device according to an embodiment
of the present invention. A pulse-sensing device 100 com-
prises one or more humanoid fingers 110 each of which 1s
configured to be positioned on a location of a person’s wrist
for sensing the person’s pulse. As 1llustrated in an example
use of the pulse-sensing device 100 shown 1n FIG. 2, the one
or more humanoid fingers 110 are positioned above and
pressed onto an area 2135 of an upper limb 210 of a person,
where the area 215 1s around a wrist of the person, such that
the person’s pulse can be sensed by the one or more
humanoid fingers 110. In accordance with the practice of
TCM, a CMP usually uses three fingers for pulse sensing.
Accordingly, 1t 1s preferable to employ three humanoid
fingers 110a, 1105 and 110c¢ 1n the pulse-sensing device 100.
To position the one or more humanoid fingers 110 onto the
wrist, an actuator 120, which may be a single actuator or
may be composed of a plurality of constituting actuators, 1s
used for providing an actuating force to move each of the
humanoid fingers 110. To achieve light-weight low-cost
realization of the pulse-sensing device 100, the actuator 120
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1s preferred to be a pneumatic actuator. In addition, the
pulse-sensing device 100 may include an optical locating
clement 130 so that accurate positioming of the one or more
humanoid fingers 110 onto the wrist 1s achievable. The
pulse-sensing device 100 may further include a data acqui-
sition and processing umt 140 to analyze a pulse signal,
single- or multi-dimensional, acquired and sensed by the one
or more humanoid fingers 110.

According to the present invention, the pulse-sensing
device 100 advantageously uses a mechanical configuration
for realizing the humanoid fingers 110 1n order to substan-
tially diminish an undesired disturbance caused by a noisy
disturbance 1n the actuating force to a pulse signal, where the
pulse signal 1s sensed by the one or more humanoid fingers
110. FIG. 3 depicts a robotic finger 300 having the afore-
mentioned mechanical configuration 1n accordance with an
exemplary embodiment of the present invention. In the
pulse-sensing device 100, at least one of the one or more
humanoid fingers 110 1s realized as the robotic finger 300.
Preferably, each of the one or more humanoid fingers 110 1s
configured as the robotic finger 300.

The robotic finger 300 comprises a humanoid-finger
structure 310 having a finger-tip end 312a and a posterior
end 312b6. The finger-tip end 312q has a sensing area 3135
configured for sensing a signal of a person’s pulse when the
person’s wrist 1s 1 contact to the sensing area 3135. The
posterior end 3125 1s pivotally mounted to a fulcrum 330 so
that the structure 310 1s rotatable about the fulcrum 330.
Note that the fulcrum 330 i1s located on a part of the
pulse-sensing device 100 other than the humanoid-finger
structure 310. The robotic finger 300 further comprises an
actuating-force transferring member 320 for transferring an
actuating force to the humanoid-finger structure 310 such
that the actuating force 1s applied to an actuation point 325
located on the structure 310, and i1s directed to the structure
310 along an actuation direction 326. The actuating-force
transierring member 320 may be implemented as a part of a
mechanical assembly, where the mechanical assembly
receives the actuating force from the actuator 120 and then
transters the actuating force to the humanoid-finger structure
310 at the actuation point 323 along the actuation direction
326.

Let D1 be a first perpendicular distance from the fulcrum
330 to a first line L1 where the first line L1 1s a straight line
passing through a sensing point of the sensing area 315 and
being substantially perpendicular to the sensing area 3185.
The sensing point, as used herein, 1s a representative contact
point on the sensing area 315 when the person’s wrist
contacts the sensing area 315. Since the sensing area 313
may not be flat due to, for example, curvature introduced for
mimicking a CMP’s finger tip, the first line L1 being
substantially perpendicular to the sensing area 315 1s defined
as that the first line L1 1s substantially perpendicular to a
surface tangential to the sensing point. Let D2 be a second
perpendicular distance from the fulcrum 330 to a second line
.2 where the second line L2 1s a straight line passing
through the actuation point 325 and orienting along the
actuation direction 326. The robotic finger 300 1s configured
such that D1 1s substantially longer than D2 when the
person’s wrist 1s 1n contact to the sensing arca 315 for
sensing the signal of the person’s pulse. This mechanical
configuration enables an undesired disturbance caused by a
disturbance in the actuating force to the signal sensed at the
sensing area 315 to be substantially diminished due to the
tollowing observation. Denote AFa as the disturbance 1n the
actuating force and AFs as the resultant undesired distur-
bance to the signal sensed at the sensing area 315. As the net
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moment about the fulcrum 330 1s zero 1n a static condition,
it follows that AFaxD2=AFsxD1. Since the mechanical
configuration requires that the ratio D2/D1 1s substantially
less than unity, 1t follows that AFs/AFa 1s also substantially
less than unity, so that the resultant undesired disturbance

caused by the disturbance 1n the actuating force 1s substan-
tially dimimished. Note that the resultant undesired distur-
bance 1s diminished by a factor of D1/D2.

In the robotic finger 300, the humanoid-finger structure
310 comprises a {irst sensor on the sensing area 3135 for
acquiring and measuring the signal of the person’s pulse.
Advantageously, the first sensor may be a pulse-sensing
sensor array for detecting the signal of the person’s pulse at
a plurality of locations over the sensing area 315 where the
pulse-sensing sensing sensor array has pre-determined cur-
vature for mimicking a human finger tip and 1s configured to
provide a hardness level close to human-skin stifiness in
order to, for 1nstance, reproduce a feeling of touching by a
human finger tip to the person’s wrist. A configuration that
enables provision of such hardness level 1s to put a layer of
solt material underneath the sensor array, where the soft
material layer has a hardness level close to human-skin
stiflness. An example of a material usetul to realize this layer
1s silicon elastomer. The pulse-sensing sensor array may be
implemented as a piezoelectric array, a piezoresistive array,
or a capacitive array. The capacitive array 1s preferable over
the other two arrays due to a relatively higher sensitivity.

Preferably, the robotic finger 300 further comprises a
second sensor for measuring a resultant force experienced at
the actuation point 325. The second sensor can be advanta-
geously used in that a reaction force generated by the
person’s wrist mechanical property and the blood pressure
pulse at the sensing area 315 1s amplified at the actuation
point 325 by the humanoid-finger structure 310, as demon-
strated as follows. Denote AFsp as the reaction force gen-
crated by the person’s wrist mechanical property and the
blood pressure pulse at the sensing area 315 and AFap as the
corresponding force produced at the actuation point 325.
Under a static condition, the net moment about the fulcrum
330 1s zero, so that AFspxD1=AFapxD2. Since D1/D2 1is
substantially greater than unity, 1t follows that AFap/AFsp 1s
also substantially greater than unity. Hence, the reaction
force generated by the person’s wrist mechanical property
and the blood pressure pulse at the sensing area 315 1is
amplified at the actuation point 325. The amplified signal 1s
then captured by the second sensor. Note that the amplifi-
cation ratio 1s D1/D2.

It 1s noteworthy that there 1s a reciprocal relationship
between the factor of dimimishing the resultant undesired
disturbance caused by the disturbance 1n the actuating force
and the factor of amplifying the reaction force generated by
the person’s wrist mechanical property and the blood pres-
sure pulse. The disturbance in the actuating force 1s scaled
down by a first factor at the sensing area 3135, where the first
factor 1s greater than unity. The aforesaid reaction force 1s
scaled up by a second factor substantially similar to the first
factor when producing a resultant force experienced at the
actuation point 325.

Advantageously, the robotic finger may be configured
such that a pressing force produced by the humanoid-finger
structure 310 on the person’s wrist when the person’s wrist
1s 1n contact to the sensing area 1s controllable. A desired
value of the pressing force for application to the person’s
wrist may be determined according to a pulse-sensing stage
selected from Fu, Zhong and Chen 1n the doctrines of TCM.
If a pneumatic actuator 1s used as the actuator 120 for
generating the actuating force to be received by the actuat-
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ing-force transferring member 320, the pressing force may
be made controllable to achieve the desired value by direct-
ing the pneumatic actuator to produce the actuating force
according to a continuous pressure regulating principle.

Preferably, the humanoid-finger structure 310 1s an
assembly comprising multiple sections sequentially
arranged and end-to-end pivotally-jomnted, such that the
humanoid-finger structure 310 1s configured to be foldable.
The multiple sections are labeled as references 310a, 31056
and 310c¢ 1n FIG. 3 for illustration; nevertheless, the number
of the multiple sections 1s not limited only to 3 in the present
invention. FIG. 4 illustrates two configurations of the
humanoid-finger structure 310 1f 1t 1s foldable: (a) an
engaged position where the sensing area 315 contacts the
person’s wrist and (b) a disengaged position where the
humanoid-finger structure 310 1s not deployed. In the
engaged position, the humanoid-finger structure 310 1s con-
figured to be substantially fully extended. In the disengaged
position, the humanoid-finger structure 310 1s folded up.

It 1s preferable that the robotic finger 300 further com-
prises a restoring element 340 for exerting, about the ful-
crum 330, a retreating torque (turning in a direction 341) that
opposes an advancing torque resulted from the actuating
force (turning in the actuation direction 326). In the presence
of the restoring element 340, the actuation direction 326 of
the actuating force 1s allowed to remain unidirectional when
switching the humanoid-finger structure 310 from the
engaged position to the disengaged position, and vice versa.
Keeping the actuation direction 326 unidirectional without
switching over from one direction to another 1s advanta-
geous 1n that implementation of the actuator 120 and the
actuating-force transferring member 320 can be made
simple. The restoring element 340 may be a spring having
one end fixed to the humanoid-finger structure 310 and
another end attached to elsewhere so as to obtain the
retreating torque turning in the direction 341.

In one embodiment, the finger-tip end 312a of the human-

oid-finger structure 310 includes a finger tip 314 on which
the sensing area 315 1s located. Optionally, the finger tip 314
1s detachable for advantages such as convenience 1n sensor
maintenance and tlexibility to provide different finger-tip
curvatures and degrees of imitated human-skin stifiness for
different patients.
It 1s also optional that the one or more humanoid fingers
110 may be individually controllable. Individual control of
multiple humanoid fingers 110 allows the pressing forces
exerted by these multiple humanoid fingers 110 to be
individually customizable according to the advanced prac-
tice mn TCM such that more informative sensing of the
person’s pulse may result.

Advantageously, an inter-finger distance may be adjust-
able. The inter-finger distance 1s a distance between any
adjacent two of the one or more humanoid fingers 110. Since
people may be diflerent in age, body size, etc., having the
inter-finger distance adjustable enables the one or more
humanoid fingers 110 to be optimally positioned for pulse
sensing according to mdividualized consideration for ditfer-
ent people.

A second aspect of the present mnvention 1s to provide a
first method for sensing a signal of a person’s pulse by a
humanoid-finger structure. The humanoid-finger structure
has a finger-tip end and a posterior end. The posterior end 1s
pivotally mounted to a fulcrum. The finger-tip end has a
sensing area configured to sense the signal. The first method
that 1s disclosed herein 1s directly derivable from the dis-
closure above regarding the first aspect of the present
invention.
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In an exemplary embodiment of the first method, an
actuating force, directed along an actuation direction, is
applied to the humanoid-finger structure such that the sens-
ing area 1s 1n contact to the person’s wrist. The actuation
point and the actuation direction are selected such that when
the person’s wrist 1s 1n contact to the sensing area for sensing
the signal of the person’s pulse, a first perpendicular distance
from the fulcrum to a first line 1s substantially longer than a
second perpendicular distance from the fulcrum to a second
line. The first line 1s a straight line passing through a sensing
point of the sensing area and being substantially perpen-
dicular to the sensing area. The second line 1s a straight line
passing through the actuation point and onienting along the
actuation direction. As 1s mentioned above, an undesired
disturbance caused by a disturbance 1n the actuating force to
the signal sensed at the sensing area 1s substantially dimin-
1shed.

Preferably, the first method further includes acquiring and
measuring the signal of the person’s pulse by a first sensor
on the sensing area, and measuring a resultant force expe-
rienced at the actuation point by a second sensor so that a
reaction force generated by the person’s pulse at the sensing
area 1s amplified by the humanoid-finger structure and then
captured by the second sensor. It yields a first set of
measurement data obtained from the first sensor, and a
second set of measurement data obtained from the second
sensor. In one approach, sensing the signal of the person’s
pulse may be accomplished by combining the first and the
second sets of measurement data. In another approach, the
signal 1s analyzed according to the first and the second sets
ol measurement data.

A third aspect of the present imvention 1s to provide a
second method for sensing a signal of a person’s pulse. This
second method 1s directly derivable from the disclosure
above regarding the first aspect of the present invention.

In an exemplary embodiment of the second method, the
signal 1s sensed by a mechanical structure. The mechanical
structure has a sensing area, a first sensor on the sensing area
for acquiring and measuring the signal when the person’s
wrist 1s 1n contact to the sensing area, and a second sensor
for measuring a resultant force experienced at an actuation
point of the mechanical structure. An actuating force 1s
applied at the actuation point for positioning the sensing area
to contact the person’s wrist. According to the exemplary
embodiment of the second method, the mechanical structure
1s configured by a mechanical configuration such that (a) a
disturbance 1n the actuating force 1s scaled down by a first
factor at the sensing area so as to cause a diminished,
undesired disturbance to the signal acquired and measured
by the first sensor, the first factor being greater than unity
and determinable by the mechanical configuration, and (b) a
reaction force generated by the person’s pulse at the sensing
area 1s scaled up by a second factor substantially similar to
the first factor when producing the resultant force experi-
enced at the actuation point.

Similar to the first method, a first set of measurement data
1s obtained from the first sensor and a second set of mea-
surement data 1s obtained from the second sensor. In one
approach, sensing the signal of the person’s pulse may be
accomplished by combining the first and the second sets of
measurement data. In another approach, the signal 1s ana-
lyzed according to the first and the second sets of measure-
ment data.

The present invention may be embodied 1n other specific
forms without departing from the spirit or essential charac-
teristics thereof. The present embodiment 1s therefore to be
considered 1n all respects as illustrative and not restrictive.
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The scope of the invention i1s indicated by the appended
claims rather than by the foregoing description, and all
changes that come within the meaning and range of equiva-
lency of the claims are therefore intended to be embraced
therein.

What 1s claimed 1s:

1. A pulse-sensing device comprising one or more human-
oid fingers, at least one of which 1s a robotic finger com-
prising:

a humanoid-finger structure having a finger-tip end and a
posterior end, the posterior end being pivotally
mounted to a fulcrum on the pulse-sensing device so
that the structure 1s rotatable about the fulcrum, the
finger-tip end having a sensing area configured for
sensing a signal of a person’s pulse when the person’s
wrist 1s 1n contact to the sensing area, the humanoid-
finger structure further comprising a first sensor on the
sensing area for acquiring and measuring the signal of
the person’s pulse; and

an actuating-force transierring member for transferring an
actuating force to the humanoid-finger structure such
that the actuating force 1s applied to an actuation point
located on the structure, and 1s directed to the structure
along an actuation direction;

wherein:

the robotic finger 1s configured such that, when the
person’s wrist 1s 1n contact to the sensing area for
sensing the signal of the person’s pulse, a first perpen-
dicular distance from the fulcrum to a first line 1s
substantially longer than a second perpendicular dis-
tance from the fulcrum to a second line, where the
second line 1s a straight line passing through the
actuation point and orienting along the actuation direc-
tion and the first line 1s a straight line passing through
a sensing point of the sensing area and being substan-
tially perpendicular to the sensing area, in order to
substantially diminish an undesired disturbance caused
by a disturbance 1n the actuating force to the signal
sensed at the sensing area, and to amplily a signal
experienced at the actuation point; and

the robotic finger further comprises a second sensor for
measuring a resultant force experienced at the actuation
point so that, when the person’s wrist 1s 1n contact to the
sensing area, a reaction force generated by the person’s
wrist and blood pressure pulse at the sensing area 1s
amplified by the humanoid-finger structure and then
captured by the second sensor.

2. The device of claim 1, wherein the first sensor 1s a
pulse-sensing sensor array for detecting the signal of the
person’s pulse at a plurality of locations over the sensing
area, and wherein the pulse-sensing sensor array has pre-
determined curvature for mimicking a human finger tip and
1s configured to provide a hardness level close to human-
skin stiflness.

3. The device of claim 1, wherein the robotic finger 1s
configured such that a pressing force produced by the
humanoid-finger structure on the person’s wrist when the
person’s wrist 1s 1n contact to the sensing area 1s control-
lable.

4. The device of claim 3, further comprising a pneumatic
actuator for generating the actuating force to be recerved by
the actuating-force transierring member, wherein the press-
ing force 1s controllable to achieve a pre-determined value
by directing the pneumatic actuator to produce the actuating,
force according to a continuous pressure regulating prin-
ciple.

10

15

20

25

30

35

40

45

50

55

60

65

10

5. The device of claim 1, wherein the humanoid-finger
structure comprises multiple sections sequentially arranged
and end-to-end pivotally-jointed, configuring the humanoid-
finger structure to be foldable.

6. The device of claim 1, wherein the robotic finger
turther comprises a restoring element for exerting, about the
fulcrum, a retreating torque that opposes an advancing
torque resulted from the actuating force, allowing the actua-
tion direction of the actuating force to remain unidirectional
when switching the humanoid-finger structure from an
engaged position of making the sensing area contact the
person’s wrist to a disengaged position of detaching the
sensing area away from the person’s wrist, and vice versa.

7. The device of claim 6, wherein the restoring element 1s
a spring having one end fixed to the humanoid-finger
structure.

8. The device of claim 7, further comprising a pneumatic
actuator for generating the actuating force to be recerved by
the actuating-force transferring member.

9. The device of claim 8, further comprising an optical
locating device for locating the person’s wrist so as to guide
the humanoid-finger structure to accurately position the
sensing area on the person’s wrist.

10. The device of claim 1, wherein the finger-tip end
includes a finger tip on which the sensing area 1s located, and
wherein the finger tip 1s detachable.

11. The device of claiam 1, wherein the one or more
humanoid fingers are individually controllable.

12. The device of claim 1, wherein an inter-finger distance
between any adjacent two of the one or more humanoid
fingers 1s adjustable.

13. A method for sensing a signal of a person’s pulse by
a humanoid-finger structure, the humanoid-finger structure
having a finger-tip end and a posterior end, the posterior end
being pivotally mounted to a fulcrum, the finger-tip end
having a sensing areca configured to sense the signal, the
method comprising:

applying an actuating force, directed along an actuation

direction, to the humanoid-finger structure at an actua-
tion point located on the structure 1n order to position
the humanoid-finger structure such that the sensing area
1s 1n contact to the person’s wrist, wherein the actuation
point and the actuation direction are selected such that,
when the person’s wrist 1s 1n contact to the sensing area
for sensing the signal of the person’s pulse, a first
perpendicular distance from the fulcrum to a first line
1s substantially longer than a second perpendicular
distance from the fulcrum to a second line, where the
second line 1s a straight line passing through the
actuation point and orienting along the actuation direc-
tion and the first line 1s a straight line passing through
a sensing point of the sensing area and being substan-
tially perpendicular to the sensing area, in order to
substantially diminish an undesired disturbance caused
by a disturbance 1n the actuating force to the signal
sensed at the sensing area, and to amplily a signal
experienced at the actuation point;

acquiring and measuring the signal of the person’s pulse

by a first sensor on the sensing area; and

measuring a resultant force experienced at the actuation

point by a second sensor so that a reaction force
generated by the person’s pulse at the sensing area 1s
amplified by the humanoid-finger structure and then
captured by the second sensor.
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14. A method for analyzing a signal of a person’s pulse,
comprising:

sensing the signal according to the method of claim 13;
and

analyzing the signal according to a first set ol measure- 5
ment data obtained from the first sensor and a second
set of measurement data obtained from the second
SeNsor.
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